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Three years ago, two research groups independently identified a previously undescribed T cell cosignaling molecule; one referred to it as V-domain Ig suppressor of T cell activation (VISTA), and the other used the term programmed death-1 homolog (PD-1H). Recombinant and ectopically expressed PD-1H functions as a coinhibitory ligand for T cell responses. However, the function of endogenous PD-1H is not clear. In this issue of the JCI, Flies and colleagues demonstrate that endogenous PD-1H on both T cells and APCs serves as a coinhibitory molecule for T cell activation and provide further support for targeting PD-1H as a therapeutic strategy for transplantation and cancers.
Life is never dull, especially if you are interested in T cell cosignaling molecules. The identification of new members of this family can lead not only to new paradigms in immune recognition, but can also affect the treatment of cancer and autoimmune diseases (1) (2) (3) (4) . Among the newest additions to the T cell cosignaling family is an immunoglobulin superfamily member that bears two different names due to its independent discoveries three years ago: V-domain Ig suppressor of T cell activation (VISTA) and programmed death-1 homolog (PD-1H). Wang et al. named this molecule VISTA (5), based on significant sequence homology with B7 homologue 1 (B7H1) and the ability of recombinant VISTA-Fc protein and ectopic expression of VISTA on APCs or tumor cells to inhibit T cell proliferation. In an independent study, Flies and colleagues identified the same molecule and named it PD-1H due to greater overall sequence and gene structure similarities with programmed death-1 (PD-1) (6).
Same target, different results
Remarkably, the antibodies produced against the molecule by Wang and colleagues and Flies et al. had starkly different effects. Whereas Wang et al. found that their anti-VISTA antibody exacerbated EAE, Flies et al. found that their anti-PD-1H antibody suppressed graft-versushost diseases (GVDH) to such an extent that fully allogeneic bone marrow chimera mice (BALB/c to lethally irradiated C57BL/6 mice) could be obtained following a single dose of anti-PD-1H antibody APCs can suppress T cell activation (11) . Because T cells both express and respond negatively to PD-1H, it is easy to envision a suppressive T cell/T cell interaction directly through PD-1H ( Figure 1A ). This potentially direct T cell/T cell interaction is very different from the known mechanisms of T cell crosstalk, including those that mediate both immunological help and immune suppression, which are based solely on modification of APCs ( Figure 1B ). Th cells help induce costimulatory activity on APCs (12, 13) . Conversely, Tregs suppress T cell activation by ripping off costimulatory molecules from APCs (14) . A general mechanism for direct T cell/T cell suppression was previously invoked (15), but proof of such an interaction has eluded immunologists. With the identification of PD-1H as a coinhibitor that is abundantly expressed on activated T cells, it is not hard to envision that PD-1H on neighboring T cells enables them to tune each other's response to cognate antigen ( Figure 1A) . Such a tuning mechanism can also be extended interactions between PD-1H-expressing T cells and APCs ( Figure 1A) .
The second unresolved issue is the nature of the PD-1H receptor. The elevated response of Pd1h -/-T cells to PD-1H as reported by Flies and colleagues, along with the data from Wang et al. demonstrating that recombinant VISTA-Fc robustly inhibits T cell activation, suggests that both T cells and APCs have a PD-1H/VISTA receptheir WT littermates, Pd1h -/-mice exhibited an increased frequency of activated T cells as they aged. This result is consistent with an overall T cell inhibitory function of PD-1H. Furthermore, Pd1h -/-mice had enhanced susceptibility to concanvalin A-induced hepatitis, but had greater resistance to ectopically transplanted glioma, especially after radiotherapy.
Using purified T cells from WT and Pd1h -/-mice, Flies and colleagues clearly demonstrated that T cells lacking PD-1H are more responsive to cognate antigen and surrogate T cell receptor ligands. In addition, the enhanced activation of T cells by Pd1h -/-APCs suggests that PD-1H on APCs inhibits T cells regardless of their Pd1h genotype. Therefore, PD-1H is a coinhibitory molecule regardless of its cellular distribution. Together, these results pave the way for immune modulation by anti-PD-1H antibodies for autoimmune diseases and transplantation as described in this issue (11) and previously by Flies et al. (6) .
Remaining questions
The data reported to date on PD-1H have raised intriguing issues in relation to its fundamental mechanism of immune recognition, receptor, and function of unique intracellular domain.
First, in relation to the issue of immune recognition, Flies et al. mixed T cells and APCs from WT and Pd1h -/-mice and showed that PD-1H on both T cells and at the onset of transplantation. The efficacy of anti-PD-1H in GVDH has not been achieved by other biologics.
Why is there such a difference in the effects of the anti-PD-1H and anti-VISTA antibodies, given that they target the same molecule? One of the first clues to reconcile the antibody-specific differences was the demonstration by Wang et al. that their anti-VISTA antibody shows almost undetectable levels of VISTA after T cell activation, while Flies et al. observed substantial elevation of PD-1H on both CD4 + and CD8 + T cells after activation. These fickle antibodies highlight what students of immunology have learned from mice: it is not a good idea to discern biology of a molecule by its antibodies (7) (8) (9) (10) . In this issue, Flies et al. (11) elucidate the biological function of PD-1H using mice with targeted mutation of the gene encoding PD-1H. , and signal 2 (S2), the costimulatory signal. During immune suppression, Tregs use CTLA-4 to rip CD28 ligands from the surface of APCs. The T cells that recognize the same APC are suppressed as they are provided with only S1, which inactivates T cells through death and anergy (17, 18) .
PD-1H on both T cells and APC inhibits T cell function

